Atmospheric aerosols have contributed to radiative forcing through direct and indirect mechanisms. Aerosol effects are important in computing radiative forcing estimates for the past, current and future climate. In this study, a comprehensive assessment of regional aerosol radiative forcing, Optical , respectively. This corresponds to an increment in net atmospheric forcing at a heating rate of about 0.55 ± 0.05 K/day (0.41 ± 0.03 to 0.78 ± 0.03 K/day) in the lower troposphere. The study points out the significant role played by atmospheric aerosols in climate modification over the area of study. It is recommended that a further assessment be done in view of uncertainties that may impact on the findings and which were not within the scope of this research.
Introduction
Atmospheric aerosols are responsible for a radiative forcing (RF) of the atmosphere through multiple processes namely direct and indirect means (the Intergovernmental Panel on Climate Change) [1] . They directly affect climate by ab- The direct aerosol effect on RF is estimated to be −0.35 (−0.85 to +0.15) W•m −2 (high confidence) [1] . The rapid adjustment to this direct aerosol RF leads to further negative forcing, particularly through cloud adjustments, and is attributable primarily to black carbon. As a consequence, the direct effective radiative forcing (ERF) is more negative than the direct RF (low confidence) and given a best estimate of about −0.45 (−0.95 to +0.05) W•m −2 [1] . The assessment of aerosol direct RF effect is less negative than reported in Fourth Assessment
Report (AR4) because of a re-evaluation of aerosol absorption. A recent estimate of aerosol RF over the Kenyan atmosphere was −0.48 W•m −2 [2] .
Globally, there is an improved understanding of aerosol-cloud interactions which have led to a reduction in the magnitude of many aerosol-cloud forcing estimates [1] . The total ERF due to direct and indirect aerosol effects (excluding the effect of absorbing aerosol on snow and ice) is estimated to be about −0.9 (−1.9 to −0.1) W•m −2 (medium confidence) [1] . This range was obtained by giving equal weight to satellite-based studies and estimates from climate models.
The total ERF due to direct and indirect aerosol effects is consistent with multiple lines of evidence suggesting less negative estimates for aerosol-cloud interactions than those discussed in AR4.
The IPCC Report [1] indicates that anthropogenic gas emissions have driven changes in Well-Mixed Greenhouse Gas (WMGHG) concentrations during the industrial era over the globe. This has consequently affected the WMGHGs at- 
Methodology

Description of Study Area
The East Africa region covers diverse land forms comprising of glaciated mountains, Semi-Arid, Plateau and Coastal regions. Details and the map illustrating the study region and specifics on each site of study are as shown in [9] . . (1) where dh is the time in hours. The difference between the radiative forcing at the TOA and SFC is defined as the atmospheric forcing and can be written as: [14] .
Regional Radiative Forcing
where T t ∂ ∂ is the heating rate in K⋅day −1 , g is acceleration due to earth's gravity, p C is specific heat capacity of air at a constant pressure = 1006 J⋅kg
is the atmospheric forcing. P ∆ is the atmospheric pressure difference taken as 300 hPa which is equal to the pressure difference between surface and 3 km altitude. The concept behind this assumption is that the large amounts of aerosols are concentrated from surface to ~3 km altitude [15] . In order to estimate change in incoming solar radiation caused by aerosols over the observational sites, calculations were made for extraterrestrial solar radiations using 
where H o is extraterrestrial solar radiation, I sc is solar constant taken 1367
, (r o /r)
Results and Discussions Regional Radiative Forcing
To enhance the confidence in the results, AOD (at 550 nm) and ÅE (at 470 -660 nm) measured over the six study sites are compared to the derived OPAC values and found to be in good agreement as shown in Table 1 . Additionally, seasonal mean atmospheric parameters such as columnar ozone (DU), precipitable water vapor (cm) and accumulated rainfall (mm) were used in process of radiative modeling via the COART model over each study site for the period of study are also presented.
The SSA average at 550 nm during the study period was found to be 0.811 ± 0.05 and varied between 0.611 ± 0.04 and 0.956 ± 0.06. Seasonal variability in the SSA was also exhibited during the study period across all the study sites i. Variation of both downward and upward irradiance with the SZA over each study site during the study period was examined (see Figure 2 (a), Figure 2(b) ). It was established that the two irradiances decrease with increasing SZA over each of the study site. The decrease is more significant at larger SZA since most of the incoming solar radiation is diffuse in nature due to scattering effects. The low sun case (SZA 0˚ -SZA 20˚) is characterized by high down welling irradiances since most of the incoming solar radiation is direct and strikes the surface at a glancing angle unlike in the high sun case (SZA 50˚ -SZA 80˚) where most of the down welling irradiance is diffuse, hence the low spectral irradiance values [8] . Figure 1(b) shows that upward irradiances in the atmosphere over the study sites decrease with increasing SZA that is attributable to strong Fresnel reflection on the Earth's surface [8] .
As stated earlier, the OPAC model derived values were utilized as an input to RTM to calculate ARF; as a result, uncertainty in the calculated ARF needs to be quantified especially when the magnitude of the forcing is small. Generally, uncertainties arise from the estimation of composition of aerosol types, state of mixing assumptions and the vertical distribution of aerosols. The uncertainties in SSA and AOD between OPAC and AERONET/MODIS values were estimated at ~6% and ~7%, respectively while that of AP was quite low (~0.7%). Additionally, the combined effect of atmospheric condition and surface albedo was found to range from 0.10 to 0.25 while the maximum uncertainties in computation of ARF were ~6%. Combining all these, the overall uncertainty in the estimation of daily averaged ARF combining various parameters was ~19.7% falling to within the prescribed limits of between 10% -20% [16] .
It is worth noting that both ARF TOA and ARF SFC were found to be negative with the former having a higher magnitude over each of the study sites and seasons throughout the study period. The negative ARF values indicate a cooling of the Earth-Atmosphere dominating the study sites. There was an insignificant intra-annual variability in the heating rates over each study site during the study period. Moreover, seasonal variability in the atmospheric heating rates as mod- Vehicular emissions over Kampala explain the high AOD values (see Table   5 .10) as compared to Nairobi throughout the study period [18] . These high AOD values explain the enhanced heating rates over the site as compared to Nairobi 
Conclusions
Assessment of radiative forcing due to aerosols is important in accounting for the cloud effect that has contributed to uncertainties in climate forcing estimates. This study gave radiative forcing estimates in response to optical properties of aerosols over East Africa during the period of study. Aerosol optical properties constituted the inputs of a radiative transfer model to give corresponding forcing estimates.
The study revealed that aerosols variability over the region directly increased the net atmospheric forcing which translated to an increase in the heating rate of about 0.55 ± 0.05 K/day (0.41 ± 0.03 to 0.78 ± 0.03 K/day) in the lower troposphere. This enhanced heating rate in the atmosphere has most likely contributed to increasing variability in the adiabatic lapse rate over the area of study which consequently leads to increasing variability in atmospheric stability that is characterized by varying climate over the period of study. This phenomenon can be attributed to increasing climate variability and change over the area of study.
